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SUMMARY

The Rotorcraft Flight Simulation Computer Program C-81 is a multidisciplinary mathemati-
cal model that may be used to simulate a wide variety of helicopter or V/STOL aircraft
configurations using a digital computer. Aircraft performance, stability and control, and

Smaneuver characteristics, as well as rotor blade loads, may be estimated using this model. -
7 The fuselage, main rotor, tail rotor, wing, elevator, fin/rudder, jer thrust, and weapon

recoi! are treated as separate aircraft components, allowing detailed representation of the
aircraft for design or detailed analysis applications. Six rigid-body fuselage degrees of
freedom and up to six rotor blade elastic degrees of freedom for each of two rotors are
accounted for.

Input for the simulauon is divided into logical blocks in an easy-to-under:tand format.
The rotor bladc elastic degrees of freacdom are omitted if stiffness and mass properties
are not known. Output includes aircraft trim attitude, control positions, performance,

TY rotor loads, stability and control characterisitics, and detaled maneuver response.

ZZ, While correlat;,n of the predicted results from the Rotorcraft Flight Simulation is -4
generally s.,dusfactory, especially for single-rotor helicopters, no detailed comparison with
biade loads test data has been made. Current development of the analysis includes such
a correlation as well as an investigation of advanced control systems, development of an
impyoved unsteady aerodynamic representation, the inclusion of a moe detailed aero-
"dynamic representation of all aircraft components, and the implementation of advanced
numerical techniques that will result in reduced run timL.
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ii INTRODUCTION
The Rotorcraft Flight Simulation Computer Program C-81 is a highly versatile digital
flight simulator that may be used to study steady-state and maneuver performance, rotor
loads, stability and control, aircraft attitude and flight path, gust response, and manyr other aircraft characteristics. This rep'ort describes, without exhaustive analytical detail,
the history, content, use, and current development of the Rotorcraft Flight Simulation
program. The analysis and usC of the program arc further explained in Reference!; 1

through 7.
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"HISTORY

The C-81 family of helicopter flight simulation programs has been under development by
Bell Helicopter Company and the Government for the past decade (Figure 1). Through-
out this development, certain guidelines have been followed. First, tile analysis is suffi-
ciently general to describe a wide variety of helicopter configurations (conventional,
compound, tandem, side-by-side) for a broad range of flight conditions (hover. transition.
cruise, high speed, maneuver). The overall analysis has a uniform texture: i.c.. the level
of complexity of the different phases (aerodynamic, dynamic, rotor analysis, etc.) is
uniform. The program is applicable to diverse types of analysis such as performance,
stability and control, and rotor loads. Finally, the program is user-orien:ed in terms of
preparing the input data and interpreting the results.

The first major step in computerized analysis was a digital program to determine the
overall helicopter performance and rotor blade bending moments for level-flight conditions.
Aerodynamic considerations included compressibility, stall, and reversed-flow effects from
two-dimensional airfoil test; separate treatment of specified radial segments with special
lift and drag characteristics; and procedures to balance all forces and moments to satisfy
the requirements of trimmed flight. The introduction of coupling between in-plane and
out-of-plane blade deflections in the roto. dynamic analysis significantly improved the
caiculation of natural frequencies and for.'e response for rotor systems with several com-
binations of number of bl. les -,nd types of hub construction.

The next major development of the analytical simulation included the addition of a
maneuver capability with six degrees of fi'eedom for the helicopter fuselage. Definition
of the airframe was extended to include physical dimensions for cg location, mast length.
and tiht; and the sizes and locations of wings, elevator, vertical fin, and pylon fairing.
Contributions to lift, drag, and side forces and to pitching, yawing, and rolling moments
were treated separately for each aerodynamic surface to obtain a useful method of cal-
culatir.g stability derivatives and maneuver capability. Control linkage ratios, engine power
controls, and external gust disturbances were added to simulate a wide variety of VTOL
maneuvers.

Under the contract reported in Reference 2, the simulation was further expanded to
encompass all of the basic rotorcraft configurations: single main rotor plus antitorque
tail rotor, tandem, side-by-side tilting rotor, and coaxial. The detailed aerodynamic and
dynamic treatment of the second rotor, plus provisions for locating, orienting, and con-
trolling both of the rotors, led to an all-purpose, generalized analytical ability. Two-,
three-, and four-bladed rotors were considered for hub types that were either teetering.
gimbaled, articulated, or rigid (hingeless). The effects of gradual penctration of a shaped
gust field by the rotor disc were added to the analysis and evaluated durir; the course of
the study.

in 1969, under an Air Force cortract, a version of the analysis was prepared with a
special treatment of the rotor dynamics to allow the study of slowed- and stopped-rotor
VTOL configurations. A time-variant, analysis was added that accounts for the rigid-blade

2



flapping motions of up to, and including, seven blades while simulating teetering,4
-7 gimibaled, articulated, or rigid hub configurations.

A time-variant aeroelastic rotor response analysis based on the modal tcc.-ique was in-
cotporated into tli-- program duting -. USAAMRDL-sponsored project, prov.tding improve- -
ments that arc directed, principally, toward a better analytical capability for studies of

loads, vibrations, and transient acroclastic behavior of rotor systems~.
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DESCRIPTION OF MATHEMATICAL MODEL

SRIGID BLADE ANALYSIS

The following description of the mathematical model applies to the version of the
Roto:craft Flight Simulation delivered under the gust response contract (Reference 2).

The aircraft fuselage is treated a. a rigid body that is subject to gravity and applied
cxte:-n'l forces and moments due to:

1. Fuselage aerodynamics C
2. Main rotor aerodynamics

3. Tail rotor acrodenamics

4. Wing aerodynamics

5. Elevator aerodynamics

6. Fin/rudder aerodynamics

7. Auxiliary thrust

8. Weapon recoil force

These forces and moments, which act at input points of application. are transferred to
the aircraft cg and summed. For trimmed, level, Ig flight, the sum of the external
forces and moments and the weight must equal zero. During maneuvers, the sum is used A
as the fobcing function in the Euler form of the equations of motion that are derived in
Reference 8.

Aerodynamic forces and moments due to the wing, finfrudder. fuselage, and elevator are 72
calculated from the local ae.rodvnamic environment and input constants that provide a
curve fit tv wind tunnel test data or to lift, drag, and moment data predicted by
analytical methods. The force and moment characteristics are generally represented as -

functions of angle of attack and Mach number with corrections applied for yawed flow
and interference effects. The forces act at center-of-pressure locations specified by the
user.

The rotor strip theery aerodynamic Lalculations take into account an approximate-I nonuniform inflow as well as velocities due to airspeed, aircra.t pitch rate, rotor rpm.
arid blade flapping. Only rigid blade flapping is included in the analysis. Blade fo cc

ISBN_ coefficients are functions of angle of attack and Mach number and may be input in
tabular or curve-fit formats. Only blades %%ith uniform airfoil section from blade cutout
to blade tip may be represented.

5
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DESCRIPTION OF MATHEMATICAL MODEL

RIGID BLADE ANALYSIS

The following description of thc mathematical model applies to the vcrsion of thle
Rotorcraft Flight Simulation delivercd undce the gust response contract (Reference 2).

The aircraft fuselage is treated as a rigid body that is subject to gravity and applied
external forces and moments due to:

1. Fuselage aerodynanics

2. Main rotor aerodynamics

3. Tail rotor aerodynamics

S4. W ing aerodynamics

5. Elevator aerodynamics

6. Fin/rudder aerodynamics

7. Auxiliary thrust

8. Weapon tecoil force

These forces and moments, which act at input points of application, are transferred to
i the aircraft cg and s,•mmcd. For trimmed, level, ig flight, the sum of the external

forces and moments r.nd the weight must equal zero. During maneuvers, the sum is used
as tile forcing function in the Euler form of the equations of motion that are derived in
Reference 8.

Aerodvnamic forces and moments due to the wing, fin/rudder. fuselage, and elevator are
calculated from the local aerodynamic environment and input constants that provide a I
curve fit to wind tunnel test data or to lift, drag, and moment data predicted by
analytical methods. The force and moment characteristics are generally represnted as
functions of angle of attack and Mach number with corrections applied for yawed flow
and interference effects. The forces act at center-of-pressure locations specified by the
user.

The rotor strip theory aerodynamic calculations take into account an approximate
nonuniform inflow as well as velocities due to ai-srecd, aircraft pitch rate, rotor rpm.
and blade flappin,. Only rigid blade flapping is includ,.d in the analysis. Blade force
coefficients are functions of angle of attack and Mach number and may be input in
tabular or curve-fit formats. Only blades with uniform airfoil section from blade cutout
to blade tip may be reprezented.
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ELASTIC BLADE ANALYSIS

The analysis -developed under another Army contract differs fromn the rigid blade analysis
primarily in 6~ar treatment of rotor dynamics. hub in-plane motion, sh~aft windup, and
rotor blade elastic bending is considered. The hub ii-otion is represented by an upside
down pendulum with a torsional spring that is drivets by the in-plante blade shears and by
the pitch and- roll moments as shown for longitudinal mtotion Hin Figure 2.A

PiTCHING
MOMENT

S PYLON EFFECTIVE !NERTIA
IN-PLANE r
SHEARS 'A5

PYLON ANGULAR DEFLECTION -

~AI
PLYN OMPI2 ~PYLON EFFECTIVE STIFFNESS

FUSELAGE AFT-~

Figure 2. Model for Longitudina, Hub Motion.

The ability of the rotor sftto twist in response to :he applied in-plane torque is
simulat-d by assuming that at the bottom of the shuft there is an infinite torsional
inert~ia revolving at a constant speed. Con6' -ting this large inertia with zhe blade is 'i

torsionally flexible shaft with an input spring rate. TetrIoadflcinf t hehu
is then calculated fromt the applied in-planec blade mnoment.

In the rotor analysis. the elastic deformation of the rotor blades is approximated by aI
finite series of products of funr~tions that vary wi th radius (mode shapes) and time
(participation factors-. For Z (the out-of-plane deflection). Y 'thme in-planec deflection).
and 0 (the torsional deflection),

Z~x~) =Z 1(~q1 r) Z2 x'q-,(r) + .... + Zn(-x)9n(t)

Y(X~t) Y -x)9 (t) + y 9_(xiq2(t~ + Y,1(xlqn(t)

0O(x j) 0 1 (x)q1(t) + 0 2(xK)q2 (r' + .- + 0(x)qn(t)4

6
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where I t5 n 6 and n is the number of mnodes used.

The set of functions 1Z1(x), Yi(x). Di(xAl is called the 1 it mode shape of the rotor blade.
Associated with each mnode shape is a natural frequency, wi . Both -thei node shapesi t ~ ~nd the natural frequencies result from -lhe study of the oo ld frce vibration
equations of motion and are used because. through thein, the solution of dhe foiced J_
equations of motion for the blade is vastly simnplified. The miode shape and natural fre-g
quencies that are inputs to the Rotorcratt Flight Sim-ulation are computed at the Eustis
Directorate by using the Myklest~ad program. Other installations could usC other Programs
as long as thc modes and frequencies thus calculated are put into the Rotorcraft Flight
Simulatton in accordance with the User's Manual instrucdions.

The displacement-s and velocities due to the hub motion, shaft windup, and elastic blade
defiecrions are included in the calculation of blade aerodynamics. resulting in a coupled 4
acroelastic analysi s. In addition, blade load's are calculated for trim and maneuver cases, .
A harmonic analysis of trimmed flight loads is also provided.

INPUT

Input to the Rotorcraft Flight Simulation (Figure 3) is user-oriented, i.e., either physical
measurements taken from the aircraft or curve fits to nondimnensional aerodynlamic data.
The program input. generally. includes:

1. Logic control cards

2. Aircraft gross weight; cg location; fuselage acroK'naniic center location;
acrodypaniie curve-fit constants to fuselage lit, iefrcn drg. and
pitch, roll, and yaw moment equationS

3. Main and tail rotor physical description. aerodynamic date :Ia tabular or
- curve-fit form, blade frequencies and mnode shapes, and pylon and shaft

stiffnesi and inertia charac~cristics

4. Wling, finlruddcr, and elevator center-of-pressure areas, -aciodynamic
curve-fit constants, incidence angles, and coefficients to approximate
interference effects

5. Auxiliary thrust location (if any), orientation, and level

R6. Control linkages

7. Flight constants such as altitude, airspeed, and density and initial guesses

for trim control positions and aircraft attitude

7 -A



For maneuvers, the following additional data are required:

8. Weapon location and orientation

9. Stabilitv and control augmentation system (SCAS) transfer function constants

10. Description of the mancaver

11. List of variables to be plotted as functions of time

The Myklestad program for calculating mode shapes and natural frequencies requires a
complete description, of the distrilution of rotor blade properties, including

1. Twist

2. Weight

3. Beamwise. chordwise, and torsional stiffness

4. Shear center and cg location

5. Beamwise and chordwise moments of inertia

Although most of the inputs are easily uiderstood. many are not nearly so easily
obtained. Experience has shown that at lea.t a week will be required to compile anl
operating deck if datw are readily available. Estimation of parameters not available ,nay
require considerable engineering experience, supplementary cen-putat6on, or refinement to
obtain correlation with experimental data.

8
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PROCRAM USE

The analysis for the computer program consists of three major portions: trim, in which
the control positions, aircraft attitude, and blade flapping angles necessary to achieve a
stabilized flight condition are calculated; stability analysis, in which aircraft and rotor
stability derivatives and roots of the aircraft characteristic equations arc obtained; and
maneuver, in which the response of the aircraft is computed for nonequilibrium flight
conditions. The following subsections describe uses of the program in each of these
major modes of operation.

TRIM

Trim values of cortrol positions, rotor flapping angles. and aircraft attitude are computed M
for either level or climbing flight or for steady-state turns or steady "g" pull-ups. Aero-
"dynamic forces and moments from the rotors, fuselage, and lifting surfaces are compared
with components of the aircraft weight (or steady-state ::: -.lar accelerations for steady-
state maneuvers) for a given set of control positions and aircraft attitude. Simultaneously,
rotor flapping moments and accelerations are compared to determine if they are consistent
with the rotor blade root boundary conditions. if an equilibrium state does not result,
the required changes in the independent variables are computed.

if it is assumed that for Z-force, Z = Z(CP, FlAC, LC, P, AIMR, BIMR, AITR, BITR,

where CP = collective pitch
F/AC = fore-aft cyclic 0

LC = lateral cyclic
P = pedal

AIMR = main rotor longitudinal flapping
B1MR = main rotor lateral flapping
AITR = tail rotor longitudinal flapping
B1TR = tail rotor lateral flapping

8 = fuselage pitch angle
4' = fuselage roll angle (or 4' = yaw angle)

and that yaw angle is an input while roll angle is a variable, then

AZ= ACP + - AF/AC + -M- ALC + AP + 3Z AAIMR
OCP 3F/AC aLC - aAIMR

, •B1Mz ABIMR + AZ AAITR + •BZ ABITR + AZ-" •B1MR MAIT"--R aBIT---R 30A

+ A = - error in Z-force.

10



When similar equations are written for the other aircraft forces and nioments and the
flapping moments for both rotors and are collected in matrix form, the following
equation results:

10 X 10 10 X 1 10 X I

(Partial derivative matrix) (Controls change matrix) = -(Error matrix)

In the C-81 trim procedure, the error matrix is computed from the previous trim
SE iteration; the partial derivative matrix is evaluated numerically, and this matrix equation

is solved to find changes to the independent control variables that would produce an
exact trim condition if the system were linear. Since it is not, more than one iteratien

9--a-K is required; but 5 to 20 iterations are usually sufficient to obtain a force balance.

Repetition of this iterative process eventually provides values of the independent variables
required for steady-state flight. Trim values of aircraft performance parameters and rotor
loads are then printed out. A multiple case capability permits incr..e."eental changes '.a
input parameters for efficient examination of the effects of speed, gross weight, rpm, etc.
A sample of the trim output for the aeroelastic version of the program is shown in
Figure 4.

RAZ This output suggests the following uses of the program:

1. Prediction of rotor performance and hads

2. Prediction of contrc' positions

3. Prediction of speed-power polars

4. Prediction of aircraft attitude ,,ersus speed

5. Definition of tequired control range

6. Definition of cg limits and maximum gross weight for stablc flight

7. Prediction of steady-state flight envelope considering rotor stall and loads, -
tail rotor and stabilizing surface sizes, and power available A

8. Optimum rotor design

9. Analysis of lift sharing for compound helicopters

10. Prediction of increases in performance due to advanced airfoils

11. Evaluation of propulsive force requirements and effects of auxiliary propulsion

12. Prediction of aircraft turn and climb performance



FI

13. Design of tail rotor and control surface sizes

14. Design of control couplings for best attitude versus speed

STABILITY AND CONTROL

A stability analysis is available for use at eich trim condition and for user-specified times
during a maneuver. Small-perturbation stabilility and control characteristics are predited
taking into account six fully coupled fuselage degrees of freedom plus pylon and rotor
degrees of freedom. Cbaracteristics for pitch attitude response to fore-aft cyclic, roll
attitude response to lateral cyclic, and yaw angle rate response to pedal input are also
calculated. A sample of the output from the stability i-nalysis section of the program
is shown in Figure 5.

Uses of the stability and control section of the pr-ograzn it.rlude:

1. Prediction of stability derivatives

2. Orientation and sizing of stabilizing surf.ice

3. Design of automatic control system

4. Definition of aircraft stability limits

5. Prediction of control power

6. Analysis of control gearing design

7. Selection of optimal hub restraint

8. Prediction of control margin

9. Determination of effects of lift sharing on compound helicopter stability

10. Design of integrated control system

MANEUVER

in the maneuver section, aircraft response to nonequilibrium flight conditions is calcu-
lated. In this section. the program is a true digital flight simulator, solving a highly
coupled and nonlinear set of equations describing the dynamics and aerodynamics of
the aircraft to predict its time-variant behavior. Maneuvers of the greatest interest to
most program users are movements of the controls, encounters with vertical or horizontal
gusts, changes in engine torque or auxiliary thrust, weapon fire, and activation or

12
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deactivation of the automatic stability and control system. Any of the allowable maneu-
vers may be used separately or in combination. 

i
AN I

The user should be forewarned that maneuvers can consume large quantities of central
__ processing unit (CPU) time on a computer. Whereas determination of a trim condition

generally requires only 3 or 4 minutes, simulation of a 3- or 4.second real-time maneuver
may require 45 minutes of computer time on an IBM 360. Also, simulation of, say, a
pull-up will usually involve running ci the maneuver several times. Since flight path is ýM
not an'input, the user must estimat-, the control motions required to produce the desired
maneuver. The first case output is then used to refine the input for the secoisd case, and
so forth, until the desired maneuvwr is obtined. A "restart" feature in the newer ver-
sions of the program allows the u .er to start the maneuver for the second case at any __

real-time point calculated in the frst case, thus reducing total computer time (and cost'.InA sample of the program maneuver output is shown in Figure 6.

Following are a few of the uses of the maneuver section of the Rotorcraft Flight S',nu-
lation: - I

1. Determine aircraft gust response

2. Determine maneuver loads and blade response

3. Study minimum distance to clear an obstacle g
4. Study reaction of the aircraft to firing on-board weapons

__-_ 5. Exariine large-perturbation response to control inputs

6. Simulate autorotations

7. Determine thrust and power maneuver limits -•i
8. Simulate tactical maneuvers

S9. Determine total aircraft stabiiity by examining time histories 1
10. Control surface sizing for improved maneuverability

11. Study methods for maximum deceleration

I •_Reference 9 explains the use of the Rotorcraft Flight Simulation for aircraft evaluation.

13
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Figure 5. Sample Stability Section Output.
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ME[ VALIDITY OF MATHEMATICAl. MODEL

U.-" It must be emphasized that the validity of tile correlation presented here, as well as the
mathematical model of any other aircraft or rotor system, depends on two factors:

1. The adequacy of the techni .al analysis as implemented in the computer
• program.

2. The validity of the input data used to represent the physical characteristics
of a particular aircraft.

References 1. 2. and 3 present the analysis in sufficient detail for the engineer to tinder-
stand the assumptions it contains. The input deck also contains assumptions that are not
always clearly visible from the computed results. Experience llas shown that iln a large
percentage of cases, failure of the Rotorcratft Flight Simulation to obtain a trim solution
or tc provide adequate correlation with test data is due to inadequate input data. The
most frequently made and most successfullk used suggestion for users experiencing diffi-

E culty in running the program is "Check your input data." In other v Ads. it takes

C-81 + Input Dataf Math Model

to represent the aircaft, and the user must do his part.

CORRELATION W!TH TEST DATA

The correlation data presented ;n this section demonstrate some of the virtues and vices
of the Rotorcraft Flight Simulation. They also reflect the ability of the user to prepare
input for the program.

Performance

The 1/7.5 scale CH-47C model rotor correlations presei.ced in Figures 7 through 12 are
instructive, since they isolate the rotor and require the minimum amount of input data.
Although the predicted slopes of the thrust-control axis angle curves in Figures 7 and 10
do not agree well with test results (possibly due to wake effects), the correlations in the
other figures of this set show that performance prediction, in general. is good and that
prediction of gross or total aircraft parameters is likely .o be acceptable. These curves
also show the effect of the Boeing-developed dynamic airfoil prediction nmthod on the
overall analysis.
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Figures 13 through 16 show that total aircraft level-flight performance prediction is Ver:,
good for single-rotor aircraft. However, Figures 17 and 18 show that for tander.i-rotor
helicopters, correlation is good only for the forward rotor. The interference cifects on
the aft rotor are not accounted for in the analysis. A simple interference correction
developed by Boeing-Vertol results in a much improved power correlation. %

Loads

Looking at the rotor analysis in greater detai!, Figures 19 through 26 show that although
peak-to-peak loads are ptedictcd accurately, Lhe azimuthal variations of both loads and
lift coefficient lack agreement with experimental wave forms. This may again b%. due to A
wake approximations that predict a more regular inflow than actually exists.

Manetver

The predicted maneuver for a CH.47C pull-up in Figure 27 agrees well wit.. flight rest
data. In this figure, the three-per-fev has been removed from the test data uy filtering,
while it has not been removed from the computed results. The Bell Helicopter CompanyModel 583 pitch response correlation shown in Figure 28 shows a similar degree of .

correlation. P

Stabilitv and Control

Wdence by Bell Helicopter Company to predict aircraft stability and contrAl characteristics

for a number of years. Figures 29, 30. and 31 show typical stability and control corre-
lation with flight test data. The good agreement between theoretical and flight test data
shown in these figures suggests that Bell's coisfidence in this area of the analysis was
justified.

FUTURE CORRELATION

Several detailed and systematic correlation effort; using the Rotorcraft Flight Simulation
have been planned for the near future. The first is the Bell Helicoptcr Company correla-
tion with P4 34 model rotor data mentioned in the following section. In conjunction
with the high-speed maneuverability flight test of their flex-beamn (hingeless) rotor system,
Bell will also correlate the C-81 predicted aircraft performance and loads with the testS~data.

W A third correlation will be conducted by the Eustis Directorate staff in conjunction with
the maneuverability and flight loads flight rest of the AH-1G to be conducted for the
SGovernment by Bell. This effort will follow the 2-year flight vest program that is
scheduled to .,.tart in the near future.
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interconnect Shaft on Aircraft Yaw Damping.
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CURRENT DEVELOPMENT

UNSTEADY AERODYNAMIC EFFECTS

Vertel Division, The Boeing Company (under Contract DAAJ02-71-C-0045) has developed
for use with the Rotorcraft Flight Simulation, methodology for evaluating and predicting
the aerodynamic force and moment coefficients of an airfoil in an unsteady flow environ-
ient. The method is especially useful, since it is not dependent on constants that must
be derived from wind tunel tests for each new airfoil shape. The analysis has been
incorporated into the 1971 CDC 6600 version of the program, and the finai report will
be published in the near future. The analysis will be included in the 1972 version of the
program as an in-house project during 1973.

HELICOPTER MATHEMATICAL MODELING FOR CONTROL SYSTEMS

Under a con~tract to Honeywell, Inc. (DAAJ02-71-C-0053), an improved mathematical tool
to evaluate future helicopter control systems is being developed. The program will be
extended to include the capability to simulate fluidic stability augmentation systems,

Selectronic autopilot systems, and control moment gyros. The contractor will also provide
a general optimal control system design for demonstration with the program. The program

e analysis will be extended to calculate linear data for linear analysis and design and a trim
Sprocedure that facilitates convergence.

•- ROTORCRAFT FLIGHT SIMULATION WITH AEROELASTIC ROTOR REPRESENTA-

1 TION CORRELATION

• Bell Helicopter Company (under Contract DAAJ02-72-C-0086) will establish the capability
• • of the program to predict helicopter rotor performance and loads and will isolate areas of

the rotor analysis that need refinement. This will be accomplished by performing a corre-
lation study in conjunction with the H-34 model rotor wind tunnel tests to be conducted

B by Sikorsky Aircraft under Contract DAAj02-72-C-0026. Pretest predictions will be made
ft to establish the ability of the program to prediLt rotor performance and lkais from design
__ data. Additional correlation will be performed after the test so that exact test points may

be matched.

IMPROVED AERODYNAMICS AND AEROELASTIC REPRESENTATION FOR THE

ROTORCRAFT FLIGHT SIMULATION

Under Contract DAAJ02-72-C-0fl98, Bell Helicoptcr Company will improve the program
in the areas of aerodynamic representations and numerical integration techniques. New or
improved methods for mathematically modeling the aerodynamic forces and moments
acting on a helicopter fuselage, stabilizing surfaces, wings, external stores, and rotor blades
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I- will be developed. Mathematical techniques for solving sets of differential equations
typical of those found in helicopter aeroelastic analyses will also he studied. A more
efficient program able to model more types of aircraft in a larger number of tactical

I •maneuvers will result from this program.
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FUTURE WORK

It is apparent that the analytical sophistication in at least two areas of the program does
aemot match the refined aeroelastic rotor analysis. That is, the program is not of totally
uniform texture. The first is in the representation of the rotor inflow and wake. The
simplified equations expressing inflow velocity as a function of radius, azimuth, thrust,I and flight path are not adequate to predict rotor performance and loads at low airspeeds.
Rotor/rotor, rotor/wing, and rotor/tail interference effects all need to be predicted more
accurately for loads and stability and control.

The other nonuniform area of analysis is in fiselage dynamics. The present rigid-body
"-assumptioin should be replaced with an elastic fuselage representation. Studies of air-r craft vibration levels could be performed using the program if an elastic fuselage repre-

sentation were added. This addition would also permit more accurate prediction of tail
rotor angle of attack that is necessary for all tail rotor investigations.
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